INTRODUCTION
============

Triple-negative breast cancer (TNBC) accounts for 15% to 20% of all breast cancers. TNBC lacks expression of estrogen receptor (ER) and progesterone receptor (PR) and has normal human epidermal growth factor receptor 2 (HER2) gene copy number and expression \[[@B1]\]. TNBC affects younger women more frequently and has a worse prognosis than breast cancer in general due to a combination of more aggressive clinical behavior and a lack of molecular targets for therapy \[[@B2]\]. Recently, attention toward the complex role of the immune system in cancer growth, metastasis and elimination has increased. More detailed analyses of the intricate roles of the constituents of the immune system could reveal potential prognostic or predictive markers for cancer progression and treatment targets for a group of refractory cancers including TNBC \[[@B2]\].

Although breast cancer is one of least immunogenic tumors in general, TNBC and HER2 positive breast cancers are more immunogenic than luminal type breast cancer. Tumor infiltrating lymphocytes (TILs) have been shown to be a strong prognostic indicator in TNBC in particular but also in general breast cancer. Several studies demonstrated that in TNBCs, increased TILs within the tumor microenvironment were associated with a reduction in relative risk of distant recurrence or death \[[@B3]\]. Regarding the components of TILs, T-lymphocytes are the most predominant type of lymphocytes in the tumor microenvironment, constituting up to 75% and cytotoxic CD8^+^ T lymphocytes play a key role in the adaptive immunological defense against cancer cells, following reported associations with better prognosis \[[@B3][@B4][@B5]\]. During the past decade, new insights into the control of T-cell activation and proliferation have led to the identification of checkpoint proteins that either up- or downregulate T-cell reactivity \[[@B6][@B7]\]. Approaches to break effector T-cell anergy and to block suppressive cell types and ligands to eradicate cancer led to monoclonal antibody immunotherapies that inhibit cytotoxic T lymphocyte antigen 4 or programmed death receptor 1 (PD-1) on T-cells or programmed death receptor ligand 1 (PD-L1) present at cancer cell membranes; all of which have become promising molecular targets for anticancer immunotherapy, especially in highly immunogenic cancers such as non-small cell lung cancer, malignant melanoma, and renal cell carcinoma \[[@B8]\].

T-cell immunoglobulin and mucin domain 3 (TIM-3), a member of the TIM family, is an immune checkpoint molecule and has been shown to be expressed on CD4^+^ T-helper 1 (Th1) cells, CD8^+^ T-cells, dendritic cells, other lymphocyte subsets, subpopulations of macrophages and monocytes \[[@B9]\], and recently cancer cells \[[@B10][@B11]\]. Binding with galectin-9, TIM-3 induces Th1 cell death, suggesting its function in the negative regulation of Th1 response \[[@B12]\]. TIM-3 has been demonstrated as an important regulator of CD8^+^ T-cell exhaustion in cancer \[[@B13]\]. The exhaustion of T-cells induces T-cell dysfunction in the immune response and thus prevents optimal control of tumors. On the contrary, TIM-3 downregulation in tumor cells has been suggested as a prognosticator for cancer progression in colorectal and prostate cancer \[[@B10][@B11]\]. Now, TIM-3 is one of several immune checkpoint inhibitory molecules and one of critical mediator in cancer progression that are attracting attention as a target, but it remains relatively poorly studied in oncoimmunology.

According to emerging evidence that the constituents of the immune system will have potential as prognostic or predictive markers of cancer progression as well as treatment targets for a wide range of tumors, the identification of immune-related factors in heterogeneous TNBC is a clinically unmet need. In this study, we performed TIM-3 expression profiling of TILs in TNBC using immunohistochemistry (IHC) and analyzed correlations with clinicopathological factors, molecular biomarkers and expressions of PD-L1 in cancer cells and PD-1 in TILs following survival analyses with the aim to identify whether TIM-3 expression levels in TILs act as a prognosticator.

METHODS
=======

Patient selection
-----------------

Medical records which include pathologic diagnosis of breast carcinoma and surgical resection were searched between 2007 and 2011 at Dong-A University Hospital, Busan, Korea. After histologic and molecular review of a total of 837 cases, we selected 109 cases of TNBC which represented ER(−), PR(−) and HER2(−) showing normal expression or no amplification with a histologic type of invasive ductal carcinoma that were available for our investigation. All patients did not receive any neoadjuvant chemotherapy before surgery. The degree of TILs was initially evaluated based on the percentage of tumor stromal area occupied by TILs, according to the suggestion of the International TILs Working Group \[[@B14]\]. TILs scores were re-classified into three groups (≤5%, 6%--33%, ≥34%). Patient details and clinical information, including age at initial diagnosis, histologic grade, tumor stage, lymph node metastasis, TNM stage, date of surgery, date of last follow-up, and date of recurrence or death were evaluated retrospectively from the electronic medical records. The median follow-up time was 76 months (range, 6--131 months) and the median age of patients at diagnosis was 50 years (range, 30--74 years). Furthermore, disease-free survival (DFS) was defined as the duration from the date of initial diagnosis to the first detection of breast cancer-specific relapse or death. Overall survival (OS) was defined as the time interval from the date of initial diagnosis to the date of breast cancer-related death. The clinicopathological information of TNBC patients is given in [Table 1](#T1){ref-type="table"}. This study was approved by the Institutional Review Board at the Dong-A University Hospital, Busan, Korea (DAUHIRB-18-051) and was exempt from patient informed consent due to use of archived formalin-fixed and paraffin-embedded (FFPE) tumor tissue.

Tissue microarray
-----------------

We prepared a tissue microarray (TMA), possessing 109 TNBC cancer tissue punches from FFPE tumor samples according to a previously described format \[[@B15]\]. Numerous cancer cell areas with dominant TILs on hematoxylin and eosin stained slides were identified and two 3-mm tissue cores from individual tumors were obtained. TMAs were constructed with a tissue arrayer (Unitma Co., Ltd., Seoul, Korea). Ten TMA blocks were constructed.

Immunohistochemistry and interpretation
---------------------------------------

IHC for TIM-3, PD-L1 and PD-1 was performed with 4-µm thick TMA tissue sections by using a BenchMark XT automated immunostainer (Ventana Medical System Inc., Tuscon, USA). After deparaffinization, rehydration and antigen retrieval, diluted primary TIM-3 rabbit monoclonal antibody (1:100; D5D5R™; Cell Signaling Technology, Beverly, USA), PD-L1 rabbit monoclonal antibody (1:100; E1L3N; Cell Signaling Technology) and PD-1 mouse monoclonal antibody (1:50; NAT105; Abcam, Cambridge, UK) were incubated. The primary antibodies were detected with Ultraview Universal DAB Detection Kit (Ventana Medical System Inc.), according to the manufacturer\'s instructions, followed by hematoxylin counterstaining. For the validation of these antibodies, we used tonsillar tissue for TIM-3 antibody and PD-1 antibody, and placental tissue for PD-L1 antibody as positive controls. Two independent pathologists (J.S.J. and M.H.J.) observed the slides in a blinded manner. The distribution of TIM-3 expression in TNBC was identified as the percentage of distinctly immune-stained TILs among total TILs, as represented in [Figure 1](#F1){ref-type="fig"} and divided into score 1 (≤5%), 2 (6%--25%), 3 (26%--50%) and 4 (≥51%), referring to a previous study \[[@B16]\]. For the evaluation of PD-L1 expression of TNBC cancer cells, we assessed the staining intensity with a 4-tiered scoring consisting of negative (0), weak (score 1), moderate (score 2) and strong (score 3) as well as the distribution of stained cancer cells by percentage, finally multiplying intensity score by distribution percentage to obtain the expression score (range, 0--300). By using a modified Muenst\'s scoring method \[[@B17]\], PD-L1 expression was categorized into two groups according to the final scores: low expression (\<100) and high expression (≥100). According to the distribution of PD-1 expression in TILs, scoring was divided into 0 (≤5%), 1 (6%--33%), 2 (34%--66%) and 3 (\>66%) and re-categorized into a low expression group (score 0 and 1) and high expression group (score 2 and 3).

The IHC study for the expression of ER (1:50), PR (1:50), HER2 (1:200), Ki-67 (1:800), cytokeratin 5/6 (1:50), epidermal growth factor receptor (EGFR) (1:50) and p53 (1:1,200) was available in all tissues. The interpretation of staining intensity and distribution for ER, PR, and HER2 expression was analyzed as described previously \[[@B18]\].

Statistical analyses
--------------------

The MedCalc software program (version 18.2.1; MedCalc, Ostend, Belgium) was used for statistical analyses. The distributions of TIM-3 expression levels in TILs with clinicopathological characteristics and biomarkers were compared using the chi-square test. DFS and OS based on TIM-3 expression were assessed by the Kaplan-Meier method with the log-rank test. Univariate survival analysis was performed in individual covariate and multivariate survival analyses using the Cox proportional hazards regression model to assess whether the expression level of TIM-3 in TILs was an independent predictor of disease relapse or survival. In all of the tests, *p*≤0.05 was defined as statistically significant.

RESULTS
=======

A total of 109 primary TNBC patients were included in this study. The median patient age was 50 years (range, 30--74 years). The mean tumor size was 2.5±1.7 cm. Four cases (3.7%) were histologic grade 1, 21 cases (19.3%) were grade 2, and 84 cases (77.1%) were grade 3. Details of the clinicopathological features of this cohort are summarized in [Table 1](#T1){ref-type="table"}. TIM-3 was expressed in mononuclear leukocytes, which were mainly TILs, and some histiocytoid cells ([Figure 1](#F1){ref-type="fig"}) and cancer cells (data not shown). In this study, we analyzed TIM-3 expression in nonneoplastic immune cells. Overall, 17 cases (15.6%) were score 1, 31 cases (28.4%) were score 2, 48 cases (44.0%) were score 3 and 13 cases (11.9%) were score 4. Ninety cases (82.6%) were low PD-L1 and 19 cases (17.4%) were high PD-L1. Sixty cases (55.0%) were low PD-1 and 49 cases (45.0%) were high PD-1.

Correlation of TIM-3 expression with clinicopathological parameters and molecular biomarkers
--------------------------------------------------------------------------------------------

High TIM-3 expression was significantly correlated with younger patients (*p*=0.0101), high levels of TILs (*p*=0.0029) and tumor stage (*p*=0.0018). Higher histologic grade, absence of extensive *in situ* components and absence of microcalcification tended to be related with high TIM-3 expression, although not statistically significant (*p*=0.2101, *p*=0.0706, *p*=0.1174, respectively). There were no correlations with CK5/6, EGFR, Ki-67 and p53 expression, lymph node metastasis stage or TNM stage. High TIM-3 expression was closely correlated with increased PD-L1 expression in cancer cells (*p*=0.0019) and high PD-1 expression in TILs (*p*=0.0001). The results are summarized in [Table 1](#T1){ref-type="table"}. Furthermore, a correlation between TIM-3 expression levels and combinational immunophenotypes of PD-L1 and PD-1 expression was observed. High TIM-3 expression was significantly associated with the high PD-L1/high PD-1 group (*p*\<0.0001) ([Table 2](#T2){ref-type="table"}).

Relationship between TIM-3 expression and patient outcome
---------------------------------------------------------

Follow-up information was available in all 109 patients with a median follow-up period of 76 months (range, 6--131 months). Disease relapse was observed in 26 patients (23.9%) and 22 patients (20.2%) died. To examine whether TIM-3 expression level in TILs has a prognostic value for DFS and OS in TNBC, Kaplan-Meier curves of high and low TIM-3 expression groups were constructed and are presented in [Figure 2A](#F2){ref-type="fig"}. In this plot, patients with high TIM-3 expression had a significantly better prognosis (DFS, *p*\<0.0001; OS, *p*=0.0001). Patients with high TILs were also associated with better DFS (*p*=0.0587) and OS (*p*=0.0167) ([Figure 2B](#F2){ref-type="fig"}). High PD-L1 expression in cancer cells tended to be related with better DFS (*p*=0.1461) and OS (*p*=0.2502), although not statistically significant ([Figure 2C](#F2){ref-type="fig"}), and high PD-1 expression in TILs showed better DFS (*p*=0.0118) and OS (p=0.0272) ([Figure 2D](#F2){ref-type="fig"}).

Furthermore, we generated univariate and multivariate analyses with the Cox proportional regression hazards model in our database to investigate whether TIM-3 expression was an independent prognostic factor for predicting DFS and OS in TNBC. In univariate survival analysis, TNBCs with high TIM-3 expression showed significantly reduced relapse risk (*p*\<0.0001) and better OS (*p*=0.0003) ([Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). Patients with high PD-1 expression in TILs were also associated with better DFS (*p*=0.0157) and OS (*p*=0.0335) ([Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). High tumor stage, presence of nodal metastasis and advanced tumor stage were significantly related with risk of relapse (*p*=0.0676, *p*=0.0245, and *p*=0.0008, respectively) and worse OS (*p*=0.0069, *p*=0.0030, and *p*=0.0005, respectively) ([Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). Next, multivariate analysis involving all variables that were tested in univariate analysis was generated. High TIM-3 expression in TILs of TNBC patients were statistically significant in predicting prognosis, showing better DFS (hazard ratio \[HR\], 0.1072; 95% confidence interval \[CI\], 0.0319--0.3603; *p*=0.0003) and longer OS (HR, 0.1129; 95% CI, 0.0323--0.3948; *p*=0.0006) ([Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). Young patients and advanced stage were also significantly associated with risk of relapse ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

In this study, we found that high TIM-3 expression in TILs was significantly associated with better DFS and OS in the triple-negative subtype of invasive ductal carcinoma (IDC). Further, through multivariate analysis, high TIM-3 expression in TILs of TNBC was an independent prognostic factor associated with longer recurrence-free survival and longer OS, despite the fact that it was associated with poor clinicopathological factors. These results suggest that high TIM-3 expression in TILs might translate into a good prognostic biomarker for relapse-free survival and OS in TNBC.

There are very few papers on TIM-3 expression in breast cancer and not many in other cancers. We searched the literature for the relationship between TIM-3 expression and clinicopathological factors in breast cancer and found one report. Zhang et al. \[[@B19]\] reported that TIM-3^+^/CD8^+^ T-cells in 150 IDC patients were correlated with lymph node metastasis, histologic grade, and molecular classification similar to our study, but there was no survival analysis. The difference from our study was that Zhang et al. \[[@B19]\] observed the expression of TIM-3 on CD8^+^ T-cells, but we observed it on overall TILs, while their study was on IDC, but our study was on triple-negative subtype among IDC.

In addition to breast cancer, upregulated TIM-3 on either CD4^+^ and CD8^+^ TILs or overall TILs have been reported in lung cancer \[[@B20]\], hepatocellular carcinoma (HCC) \[[@B21]\], head and neck cancer \[[@B22]\], and so forth. Poor clinicopathological factors were correlated with high TIM-3 expression, but the observed cells were diverse, representing CD4^+^ TILs but not CD8^+^ TILs \[[@B20]\], overall TILs \[[@B21]\] or CD8^+^ TILs \[[@B22]\]. Patient survival data for high TIM-3 expression were limited and inconsistent, being reported as a negative prognostic factor of OS in HCC \[[@B21]\] or no relation in head and neck cancer \[[@B22]\]. Furthermore, even upregulated TIM-3 on overall TILs in HCC was related with poor clinicopathological factors and poor survival; it was demonstrated that TIM-3^+^ CD4^+^ T-cells had reduced proliferation and activation potential in HCC \[[@B21]\].These results may be inferred from the range of covered TILs, detection methods, qualified analyses in case of immunohistochemistry, cancer type and subtype and so on, and also from the reality that TIM-3 remains relatively poorly studied in oncology.

TIM-3 was originally identified by expression on Th1-specific cells and subsequently on a subset of activated CD4^+^ T-cells, differentiated Th1 cells, CD8^+^ T-cells and Th17 cells as well as on cells of the innate immune system including mast cells, subpopulations of macrophages and dendritic cells, natural killer cells, monocytes \[[@B9]\], and also cancer cells \[[@B10][@B11]\]. The clinical impact of TIM-3 being one of many similar inhibitory molecules for negative regulation of cytotoxic T-cells reveals new targets in immunotherapy field of cancer treatment, but there are also reports of conflicting studies by cell types; thus, it is suggested that TIM-3 may play different biological roles in different leukocyte subsets \[[@B22]\]. Here, we suppose that TIM-3 expression in overall TILs will be important in the development of an approach for cancer prognosis, in addition to unraveling the roles of TIM-3 in individual cellular subsets.

Meanwhile, there have been recent studies related to TIM-3 expression in cancer cells and clinical outcome. These studies also showed contradictory results, such as a poor prognosis of low TIM-3 in prostate cancer \[[@B12]\] and mediation of colorectal cancer progression by upregulation of TIM-3 \[[@B13]\].

Breast cancer is not generally immunogenic, but its association with the immune system is well-documented by the prognostic impact of TILs and the expression of immune gene signatures in some breast cancers \[[@B23]\]. The role of TILs as a prognostic marker has been evaluated in several large studies and consistently showed that in TNBC patients, TILs were associated with an improved clinical outcome \[[@B2][@B3]\]. Our results also show that high TILs are correlated with better DFS and OS. In subsequent studies, cytotoxic CD8^+^ T lymphocytes were shown play a key role in the adaptive immunological defense against cancer cells and were reported to be associated with a better prognosis \[[@B3][@B4][@B5]\]. PD-1 expressed on activated T-cells, B-cells, natural killer cells, and myeloid cells conveys an inhibitory signal to T-cells and thus impedes immune responses regulated by the PD-L1--PD-1 axis \[[@B7][@B8]\]. In this regard, evaluation of PD-1^+^ TILs could be important, but information on PD-1^+^ TILs in breast cancer is limited; a study reported its association with higher histologic grade, negative ER and high TILs, but failed to demonstrate an independent prognostic role \[[@B23]\]. In our study, high PD-1 was associated with high TIM-3 expression and associated with longer DFS and OS, but was not an independent prognosticator. In breast cancer, the frequency of PD-L1 expression by cancer cells has been reported to vary widely, ranging from 1.7% to over 50% \[[@B17][@B24][@B25][@B26]\], with more frequent expression reported in TNBC \[[@B17][@B24][@B25]\], as with our result, as well as in HER2 positive cancers \[[@B26]\]. In our study, the apparent PD-L1 expression was 17.4% (19 cases) of TNBC. Moreover, conflicting results have been pub-lished regarding the clinicopathological relationship and prognostic value of PD-L1 in breast cancer \[[@B17][@B24][@B26]\]. In our study, PD-L1 was not associated with disease-free or overall survival, although we found a positive correlation between TIM-3 expression in TILs with PD-L1 expression in cancer cells and PD-1 expression in TILs, as well as the degree of TILs.

Furthermore, our study demonstrated that higher TIM-3 expression in TILs was significantly associated with a combinational immunophenotype of high PD-L1 and high PD-1 compared with other combinations. Our results showed that TIM-3 and the combinational immunophenotype of PD-L1 and PD-1 did not show any significant associations with relapse-free and overall survival (data not shown) compared with a previous study representing worse survival in low PD-1 TILs/high PD-L1 group of HER2 positive breast cancer \[[@B26]\]. Also, individual immune checkpoint inhibitors appear to be a potentially promising target for cancer immunotherapy; current studies reported that a simultaneous blockade of two or more inhibitors leads to more inhibition of tumor growth than single inhibitor treatment alone \[[@B27]\]. In fact, we understand that our study as well as other published studies have some limitations, such as the fact that the use of TMAs may not accurately represent expression due to intra-tumoral heterogeneity and aspects regarding the reliability of IHC staining for those inhibitors due to the lack of a standardized staining method and analysis protocol as well as the variety of antibodies. However, according to recent trends in the field of immuno-oncology research, we believe that pattern studies of these immune checkpoint inhibitors, alone or in combinations, should be continued indispensably to search for potential candidates for prognostic factors as well as therapeutic targets in cancer.

Despite its association with poor clinical and pathologic features and it being a currently emerging target molecule for anticancer immunotherapy via blockade, we demonstrate that TIM-3 expression in TILs is an independent positive prognostic biomarker in TNBC. Research for further characterization of TIM-3^+^ TILs and large-scale cohort studies for validation should certainly be pursued.
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![Representative T-cell immunoglobulin and mucin domain-3 (TIM-3) expressions in triple-negative breast cancer by immunohistochemistry (×400). (A) Occasionally, stromal tumor infiltrating lymphocytes (TILs) express TIM-3, analyzing into score 1 (≤5%). (B) A few TILs express TIM-3, analyzing into score 2 (6%--25%). (C) Some TILs and histiocytoid cells express TIM-3, analyzing into score 3 (26%--50%). (D) Many TILs and histiocytoid cells express TIM-3, analyzing into score 4 (≥51%).](jbc-21-406-g001){#F1}

![Kaplan-Meier survival curves for disease-free survival (DFS) and overall survival (OS) depending on T-cell immunoglobulin and mucin domain-3 (TIM-3) expression, tumor infiltrating lymphocytes (TILs), programmed death receptor ligand 1 (PD-L1) expression and programmed death receptor 1 (PD-1) expression. (A) High TIM-3 shows significantly better DFS (*p*\<0.0001) and OS (*p*=0.0001). (B) High TILs show significantly better DFS (*p*=0.0587) and OS (*p*=0.0167). (C) High PD-L1 tends to be related with better DFS (*p*=0.1461) and OS (*p*=0.2502), statistically insignificant. (D) High PD-1 shows significantly better DFS (*p*=0.0118) and OS (*p*=0.0272).](jbc-21-406-g002){#F2}

###### Correlation of TIM-3 expression with clinicopathological parameters and PD-1/PD-L1 expressions in TNBC

![](jbc-21-406-i001)

TIM-3=T-cell Immunoglobulin and mucin domain-3; PD-1=programmed death receptor 1; PD-L1=programmed death receptor ligand 1; TNBC=triple-negative breast cancer; CK=cytokeratin; EGFR=epidermal growth factor receptor; EIC=extensive *in situ* component; TILs=tumor infiltrating lymphocytes; MC=microcalcification; LN=lymph node.

###### Correlation of TIM-3 expression with combinational immunophenotypes of PD-L1/PD-1 expression in TNBC

![](jbc-21-406-i002)

TIM-3=T-cell immunoglobulin and mucin domain-3; PD-L1=programmed death receptor ligand 1; PD-1=programmed death receptor 1; TNBC=triple-negative breast cancer.

###### Univariate and multivariate analysis of disease-free survival in TNBC

![](jbc-21-406-i003)

TNBC=triple-negative breast cancer; HR=hazard ratio; CI=confidence interval; TILs=tumor infiltrating lymphocytes; LN=lymph node; PD-1=programmed death receptor 1; PD-L1=programmed death receptor ligand 1; TIM-3=T-cell immunoglobulin and mucin domain-3.

###### Univariate and multivariate analysis of overall survival in TNBC

![](jbc-21-406-i004)

TNBC=triple-negative breast cancer; HR=hazard ratio; CI=confidence interval; TILs=tumor infiltrating lymphocytes; LN=lymph node; PD-1=programmed death receptor 1; PD-L1=programmed death receptor ligand 1; TIM-3=T-cell immunoglobulin and mucin domain-3.
